Edible coatings have potential to reduce postharvest losses of fruit such as tomato. In this study, the effects of nanolaminate coatings incorporated with extracts of Flourensia cernua, an endemic plant of the arid and semiarid regions of Mexico, has been investigated. Ethanol extracts of F. cernua (FcE) were prepared and incorporated into polyelectrolyte solutions of alginate and chitosan. The nanolaminates were characterized by determining the zeta potential, contact angle and water vapor and oxygen permeabilities. Shelf-life analyses (20°C for 15 d) were carried out with uncoated fruit (UCF), nanolaminate coating (NL) and nanolaminate coating with FcE (NL + FcE). Physicochemical analyses, gas exchange rates of O 2 and CO 2 and ethylene production, as well as microbiological analyses of treated fruit were measured. Zeta potential and contact angle measurements confirmed the successful assembly of successive nanolayers of alginate and chitosan, as well as those with F. cernua. The nanolaminate coatings resulted in decreased permeabilities to water and O 2 . The best treatment of NL + FcE, extended the shelf-life of fruit by reducing weight loss and microbial growth, reducing gas exchange and ethylene production, and maintaining firmness and color. The NL + FcE treatment are an alternative to extend the shelf-life of tomato fruit.
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Introduction
Tomato (Solanum lycopersicum L.) fruit are subject to large postharvest losses due to physical and biological factors. It is a climacteric fruit, ripening being associated with increased respiration and ethylene production rates. Transpiration also affects quality as the mass transfer process that occurs during transpiration, in which the water vapor moves from the product to the environment, results in weight loss of the fruit (Hung et al., 2011; Flores-López et al., 2016a) . The colonization of several microorganisms, mainly by fungi (e.g. Botrytis cinerea and Fusarium oxysporum) in the fruit can cause additional losses (Ramos- García et al., 2012) . As consequence of these factors, the shelf-life of tomato and of its market value decreases over time (Flores-López et al., 2016b) .
To combat these problems, different techniques have been studied and implemented to extend the shelf-life of horticultural products (Liplap et al., 2013) . Currently, it has been reported that the application of edible coatings can extend the shelf-life of fresh products (Cerqueira et al., 2011) . This type of coatings improves the transport properties, suggesting that these materials can present enhanced functionalities when used at nanoscale (Jang et al., 2008) . These nanocoatings can provide potential applications for food preservation, as they are made by a sequential adsorption of polyelectrolytes charged oppositely on a solid carrier, such as polyethylene terephthalate (PET) (Carneiro-daCunha et al., 2010) . One of the best options to make the nanolaminate coatings is based on the layer-by-layer (LbL) assembly technique, which consists in cover charged surfaces with the deposition of multiple nanolaminate films from 1 to 100 nm thickness, from different materials (Fabra et al., 2016) . To enhance the efficiency and stability of edible nanolaminate coatings, suitable materials must be used (Vieira et al., 2016) . The application of alginate, a natural anionic polysaccharide, as an edible coating component increased the shelf life of fresh-cut fruit (Valero et al., 2013) . Chitosan, a natural cationic polysaccharide, also has been of great interest due to its transport and mechanical properties .
Nanolaminate coatings can also incorporate functional materials, such as plant extracts that can provide a variety of biological activities (e.g. antioxidant and antimicrobial) (Flores-López et al., 2016a) . Flourensia cernua is an endemic plant of the arid and semi-arid regions of Mexico, and it has been widely studied for its interesting properties. Ethanol extracts of F. cernua have antifungal activity as well as antioxidant capacity (Jasso de Rodríguez et al., 2007 Rodríguez et al., , 2017 . However, there are no reports about the application of F. cernua extract as an incorporated functional material in the elaboration of edible nanolaminate coatings. Thus, the aims of this study were: to develop antimicrobial edible nanolaminate coatings, incorporating F. cernua extract, and to evaluate its effects on tomato ripening.
Materials and methods

Materials
Films of polyethylene terephthalate (PET; Canson, France); sodium alginate (Manutex RSX; Kelco International, Ltd., Portugal); chitosan (91.23% deacetylation degree and high molecular weight), purchased from Golden-Shell Biochemical Co., Ltd (China); lactic acid with 90% of purity (Merck, Germany); Tween 80 (Acros Organics, Belgium); sodium hydroxide (Riedel-de Haën, Germany); and 1,6-hexanediamine (> 98% of purity, from Sigma-Aldrich, Germany), were used to prepare the nanolaminate coatings. Dichloran-rose bengal-chloramphenicol (DRBC), glycerol and sodium chloride were supplied by Panreac (Spain); plate count agar (PCA) and peptone bacteriological, used for the microbiological assays, were purchased from HiMedia Laboratories (India). Ethanol (Sigma, St. Louis, MO, USA) was used for the extract preparation.
Tomatoes were purchased from a local supermarket in Braga, Portugal. The fruit were visually selected in a ripeness degree with a light-red color, based on the scale reported by Batu (2004) . Besides, the uniformity in size, color, and absence of fungal infection were considered. Before treatment, the fruit were washed with a solution of sodium hypochlorite (0.05%) for 3 min and air-dried at room temperature.
The samples of branches with leaves of F. cernua were collected at Southeast of Coahuila, Mexico as reported by Jasso de Rodríguez et al. (2017) .
F. Cernua extract preparation
To obtain the F. cernua leaves extract, the methodology reported by Jasso de Rodríguez et al. (2017) was followed, using ethanol as solvent. The extract was preserved in a desiccator at 25°C and 0% relative humidity (RH), until its use.
Aminolysis of polyethylene terephthalate surface (PET)
Rectangular pieces of 0.8 × 5.0 cm and circular pieces of 5.0 cm of diameter of PET films were cut. Afterwards, the pieces were aminolyzed according to the technique reported by Fu et al. (2005) . Briefly, PET films were cleaned by submerging them for 3 h in a solution of ethanol/ water (1:1, v/v), followed by a full rinsing with distilled water. The films were then dried at 30°C for 24 h. Subsequently, the films were immersed into 0.06 g mL −1 of 1,6-hexanediamine/propanol solution and left to repose at 37°C for 4 h in order to obtain the aminolyzed films. After incubation, films were completely rinsed with distilled water to remove the 1,6-hexanediamine and then dried at 37°C for 24 h. Once the aminolyzed PET films were obtained, these were treated with 0.1 mol L −1 of hydrochloric acid (HCl) solution during 3 h at 20°C
and washed with distilled water. Finally, the films were dried at 30°C for 24 h and designated as "aminolyzed/charged PET" (A/C PET). This procedure was carried out to positively charge the PET surface, with the objective of having a stronger interaction with the alginate (negatively charged).
Preparation of polyelectrolyte solutions
For preparing the polyelectrolyte solutions of alginate (Alg) and chitosan (Chi), the methodology reported by Fabra et al. (2016) was followed. Briefly, the Alg solution was prepared mixing 0.2% (w/v) sodium alginate in distilled water, and for Chi solution, Chi (0.6%, w/v) was dispersed in an aqueous solution of lactic acid (1.0%, v/v). The solutions were mixed under magnetic stirring (Ika, Wilmington, USA), at room temperature, at 200 rpm for 3 h (Alg) and 10 h (Chi), until they were completely dissolved. Glycerol was used as plasticizer at 0.05% (w/v) and 0.1% (w/v) for Alg and Chi solutions, respectively; and Tween 80 was used as surfactant, at 0.05% (w/v) for Alg, and 0.1% (w/ v) for Chi. The pH of Alg and Chi solutions were adjusted to pH 7.0 with sodium hydroxide (1 mol L −1 ) and to pH 3.0 with lactic acid (1 mol
), respectively. Afterwards, a concentration of 5000 mg L −1 of F. cernua extract (FcE), as antioxidant and antimicrobial agent, was added to each solution reaching final concentrations of 0.2% (w/v) for Alg solution with FcE (Alg + FcE) and 0.6% (w/v) for Chi solution with FcE (Chi + FcE). Finally, the solutions were mixed for 3 h at room temperature to ensure homogenization.
Preparation of edible nanolaminate coatings
The nanolaminate coatings were built by alternate deposition of five nanolayers, to obtain two different types of nanolaminate coatings, with the following sequences: Alg-Chi-Alg-Chi-Alg (NL), and Alg + FcE-Chi + FcE-Alg + FcE-Chi + FcE-Alg + FcE (NL + FcE).
To prepare the nanolaminate coatings, the technique reported by Medeiros et al. (2014) was followed. First, a piece of A/C PET support was dipped into a solution of Alg or Alg + FcE during 20 min, then the films were rinsed with deionized water with pH 7.0 and the samples were dried by hanging them for 15 min, inside a chamber with a nitrogen flow, to accelerate the drying process. Subsequently, the films were submerged into a solution of Chi or Chi + FcE, also during 20 min, and then rinsed with an aqueous solution (deionized water and lactic acid) at pH 3.0. The films were dried following the procedure mentioned above. These procedures were repeated to obtain an alternate deposition of a total of five nanolayers, according to the sequence established above. The nanolaminate coatings obtained on A/C PET films were maintained in a desiccator at 20 ± 2°C and 50 ± 5% RH.
Edible nanolaminate coatings characterization
Zeta potential
The zeta potential (ζ-potential) of each polyelectrolyte solution was determined by dynamic light scattering (DLS) (Zetasizer Nano ZS-90, Malvern Instruments, UK), to confirm their opposite charge. The samples were analyzed in a folded capillary cell (DTS 1060, Malvern Instruments) for the measurements at room temperature (Silva et al., 2015) . Also, the effect of FcE addition on the coating solutions was evaluated. Three replicates with three readings each one, were carried out.
Contact angle measurements
The contact angles (θ) of the surfaces of original PET, A/C PET and the subsequent nanolaminate coatings were measured by the sessile drop method, as described by Kwok and Neumann (1999) , and observed with a contact angle meter (OCA 20, Dataphysics, Germany), equipped with an image analysis software. Briefly, a drop of 2 μL of ultra-pure water was placed on the original PET, A/C PET and the nanolaminate coatings surfaces using a 500 μL syringe (Hamilton, Switzerland) with a 0.75 mm diameter needle. The contact angle at each surface was measured at 15 s, with a computer assisted image processor using a digital camera. Fifteen replicates of contact angle measurements were carried out at 20.5 ± 0.3°C for each formulation.
Water vapor permeability (WVP)
The WVP of the nanolaminate films was determined using the ASTM E96-92 method, with some modifications (Vieira et al., 2016) . The films were sealed on the top of a permeation cells containing 50 mL of distilled water, each cell, in order to generate 100% RH (2337 Pa vapor pressure at 20°C). Subsequently, the cells were weighed using an analytical balance (Mettler AE200, Marshall Scientific, USA), and then placed into a desiccator containing previously dried silica (105°C overnight), at constant temperature of 20°C, with 0% RH and 0 Pa water vapor pressure, which were maintained keeping constant air circulation by installing a fan inside the desiccator. The tests were carried out by triplicate and the cells weight was measured every 2 h during 10 h. The WVP of the films were showed as g m 
where a, b, and t correspond to A/C PET support, nanolayers and to the resulting A/C PET support coated with nanolayers, respectively, and L is the thickness of the films in millimeters (mm). The thickness of the A/ C PET film, with and without the nanolayers, was measured with a digital micrometer (No. 293-5, Mitutoyo, Japan). The thickness of each nanolaminate coating was obtained by subtracting the A/C PET film value from the A/C PET film with the nanolayers, and the proper calculations were made to obtain the values in the desired scale.
Oxygen permeability (O 2 P)
O 2 P was determined according to the ISO 15105-2:2003 Standard Test, following the methodology reported by Fernandes et al. (2018) . Briefly, the films were sealed between two chambers, each one with two channels (for the input and output of fluxes). To keep a constant pressure, a controlled oxygen flow rate of 25 mL min −1 was supplied in the top chamber. Nitrogen was used as carrier gas, to purge the bottom chamber, at a controlled flux rate of 5 mL min −1 . Then, 500 μL of sample were collected from nitrogen flow, with a syringe for gas chromatography (Hamilton, Switzerland), and injected into a gas chromatograph (Bruker Scion 456, Canada), in order to measure the O 2 concentration. A mixture of CO 2 (10%), O 2 (20%), and N 2 (70%), was used as standard for calibration. The assay was conducted in triplicate. The O 2 P was expressed as g m −1 s −1 Pa −1 , and determined by using the following equation (Cooksey et al., 1999 ):
where: a, is the A/C PET support; b, the nanolayers; and t, represents the resulting coated A/C PET support (A/C PET + five nanolayers); L, is the thickness of the films (mm); and O 2 P, corresponds to the oxygen permeability (g m −1 s −1 Pa −1 ).
Tomato shelf-life analyses 2.7.1. Experimental design
The experiment was carried out under controlled storage conditions in a chamber (Binder, USA) with temperature at 20°C and RH of 85%, under a completely randomized design with three treatments: uncoated fruit (UCF) as control; nanolaminate coating (NL); and nanolaminate coating with F. cernua extract (NL + FcE), with a variable number of repetitions for the evaluated parameters.
Nanolaminate coatings application on tomato
For each treatment, 39 fruit were used, with a total of 117 fruit for the three treatments, for the evaluation of the different variables. Before the application of the nanolaminate coatings, the surface of the tomatoes was cleaned with distilled water. Tomatoes samples were dipped into the coating solutions, during 10 s in each one (Olivas et al., 2007; Singh et al., 2010) , with the following sequences: Alg--Chi-Alg-Chi-Alg, for the NL treatment; and Alg + FcE-Chi + FcE-Alg + FcE-Chi + FcE-Alg + FcE, for the NL + FcE treatment. Between each solution application, the tomatoes samples were rinsed with distilled water at pH 7.0 for the solutions containing Alg (Alg or Alg + FcE), or pH 3.0 for solutions containing Chi (Chi or Chi + FcE); and left to dry at 30°C for 20 min in a container with ventilation (Binder, USA).
Physicochemical analyses of tomato 2.7.3.1. Weight loss.
Fifteen fruit were randomly selected, and separated into 3 groups or treatments (UCF, NL, NL + FcE), of 5 fruit each (each fruit was a replicate). Fruit were weighed using a precision balance (Mettler AE200, Germany) at the beginning of storage (0 d) and at 3 d intervals for 15 d. The weight loss was determined as follows:
where W i is the fruit weight at 0 d and W f is the fruit weight at each sampling time.
pH and titratable acidity (TA).
For the assays, three fruit per treatment were analyzed at regular intervals of 3 d, during 15 d. The samples were cut into small pieces and then, 50 g of each treatment were taken and ground in a blender. Subsequently, the mixtures were filtered under vacuum with a filter paper (Whatman No. 1). The pH of each treatment was determined using a potentiometer (Hanna Instruments Inc., Romania), by the direct immersion of the electrode. The TA was determined using 10 mL of pulp from each fruit, to which 2 drops of phenolphthalein (1%) were added and titrated with 0.1 N NaOH (AOAC, 1990) . Results were expressed in percent of citric acid (% CA). 
Gas transference rate and ethylene production
Measurements of gas transference (O 2 and CO 2 ) and ethylene production of the treatments, were conducted by the closed system method, with two containers per treatment (UCF, NL, NL + FcE), each one containing one fruit. The technique reported by Cerqueira et al. (2009) , with some modifications, was followed. Briefly, air was used as initial atmosphere, and 20 mL of saturated salt solution of potassium chloride (RH = 85% at 20°C) were placed in a glass container of 2 L, in order to achieve the desired RH. Subsequently, a whole fruit was placed inside the container, separated from the solution by means of a mesh. The containers were closed and placed in a chamber with controlled temperature and humidity (20°C and 65% RH), to maintain the storage conditions. The concentrations of O 2 , CO 2 and ethylene inside the containers, were measured by taking gas samples by triplicate with a 500 μL syringe, suitable for gas chromatography (Hamilton, Switzerland), through a silicone septum fitted in the container lid. The gas concentrations were measured daily during 15 d.
The O 2 and CO 2 concentrations were determined by a gas chromatograph (Bruker Scion 456, Germany), equipped with a thermal conductivity detector (TCD) at 130°C, and two columns. The O 2 was determined with a column SS MolSieve 13 × (80/100), 2 m × 2 mm × 1/8′', using argon as carrier gas at 60 mL min −1 . The CO 2 was determined using a Poraplot column with helium as carrier gas at 4 mL min −1 . For calibration, a mixture containing 10% CO 2 , 20% O 2 , and 70% N 2 was used as standard. The ethylene content was determined using a gas chromatograph (Varian Star 3400 CX, USA), equipped with a flame ionization detector (FID) at 280°C and a non-polar column (Varian). Helium was used as carrier gas at 1 mL min −1
. A standard ethylene sample (500 mg L −1 ) was used for calibration. The O 2 consumption and CO 2 and ethylene production rates, were calculated in accordance to the equations reported by Salvador et al. (2002) , as follows:
Where R O2 ; W t is the tomato weight (kg); and V f is the free volume (mL) of the container.
The free volume of the container was calculated as follows:
where V P is the total volume of the container in milliliters (mL), W is the tomato weight (kg) and ρ tomato , is the density of the tomato. The graphs of O 2 consumed and CO 2 and ethylene produced against time, were used to calculate the slopes, which correspond to the derivative, dy/dt of each gas.
Microbiological analyses
Microbiological analyses were carried out by counting the total molds, yeasts, and aerobic mesophilic microorganisms in three fruit per treatment, every third day and during 15 d, following the reported by Olivas et al. (2007) . The sampled fruit were milled in a food processor. Then, 10 g of each sample were transferred to individual sterile stomacher bags (VWR Scientific, USA) containing 90 mL of sterilized 0.1% peptone water. The samples were homogenized for 120 s in a blender Stomacher 3500 (Seward Medical, London, U.K.). A total of five serial decimal dilutions (from 1 × 10 −1 to 1 × 10 -5
) of the samples were prepared with peptone water, and then, 1 mL of each dilution was pourplated on Petri dishes. Subsequently, plate count agar (PCA) was added to the Petri dishes and the mixture was homogenized. Afterwards, the Petri dishes were left to solidification and incubated at 37°C for 48 h, in order to count the aerobic mesophilic microorganisms. For the molds and yeasts, the same decimal dilutions were spread in Petri dishes containing DRBC agar and incubated at 25°C for 5 d. The assays were conducted with four replicates. The results were expressed as logarithm of colony forming units per gram (log CFU g −1 ).
Statistical analysis
The statistical analyses were carried out using analysis of variance (ANOVA) and means comparison by Tukey test (p < 0.05) with the programs StatSoft, Inc. (2011) and STATISTICA v.10, while for the microbiological analyses, SAS-PC System v. 9.1.3 was used. In the gas transfer analyses, GraphPad Prism v.6.1 was used for linear regression analyses.
Results and discussion
Characterization of the edible nanolaminate coatings on PET
ζ-potential
It was determined that the ζ-potential value for pure Alg was -75.77 ± 1.10 mV at pH 7.0; while the addition of F. cernua extract to the Alg solution, increased its charge to -42.50 ± 1.42 mV at pH 7.0 (Table 2) . On the other hand, the values of pure Chi and Chi + FcE showed charges of 52.03 ± 2.61 mV and 45.40 ± 1.93 mV, respectively, at pH 3.0. These values confirm the opposite charges of each solution to the PET support, which allows its interaction with the Alg and Alg + FcE solutions; and also, the interaction between the 
Contact angle
It was observed that the contact angle of the original PET film (82.93°) was higher than the A/C PET (71.15°) (Fig. 1) , however this tendency has been described by Carneiro-da-Cunha et al. (2010) and Pinheiro et al. (2012) . These authors reported that the difference between the contact angles of A/C PET and original PET confirms that the aminolysis process was correctly conducted. On the other hand, a different behavior was observed when the nanolayers were assembled, varying the contact angle between Alg and Chi, with and without FcE, which confirms that the coating was sequentially assembled. It can be noted that the nanolayer containing Chi, has higher values than the nanolayer containing Alg. This difference between the values may be due to the fact that Chi is more hydrophobic than Alg (Medeiros et al., 2012a) . The FcE incorporation did not influence in the nature of Alg and Chi. The contact angle differences found between the surfaces and nanolayers could be attributed to diverse factors, such as the chemical composition of the materials, level of interpenetration, and the swelling of the layers when they are in contact with water (Pinheiro et al., 2012) .
Water vapor and oxygen permeabilities
WVP of the nanolaminates without A/C PET, showed values higher than the aminolyzed ones (Table 3) . It can be noted that in the formulation of A/C PET with nanolaminates (NL, NL + FcE), the WVP values decreased. However, the addition of F. cernua extract to the nanolaminates did not have any influence in the WVP value and were not statistically different with the NL. The WVP is an essential consideration that the food industry takes into account for packaging . Therefore, this value should be low as the edible coatings must have the function to act as a retardant in the moisture transfer between the coated product and the environment (Gontard et al., 1992) . The results obtained in this study, are similar to the reported by Pinheiro et al. (2012) and Medeiros et al. (2012b) , who also obtained low values for the nanolaminate coatings. The decrease in the WVP observed in this study, could be attributed to the strong bonds that are produced between the Alg and Chi layers (Jang et al., 2008) , which avoid or decrease the water vapor diffusion.
On the other hand, the O 2 P values obtained for the A/C PET nanolaminate coatings, were higher than the nanolaminate coatings without PET (Table 3) . However, the NL and NL + FcE were not statistical different. The above demonstrates that the nanolaminates are a notable barrier against the flow of O 2 .
These results in the WVP and O 2 P could be related to the existent interactions between the five nanolayers. Carneiro da-Cunha et al. (2010) cited that the decrease of the barrier properties in the nanolaminate coating is attributed to the increment of the tortuosity originated by the interactions between the nanolayers, which decrease the permeability of the nanolaminate coating.
Effect of edible nanolaminate coatings on tomato shelf-life
Weight loss
Results showed an increment of weight loss in all treatments, during the shelf-life assay (Fig. 2) , observing that the highest weight loss occurred on day 15. It was noted that fruit treated with the NL + FcE, presented the lowest loss (3.8%), while the highest loss was observed with the UCF (9.8%). The incorporation of F. cernua into the nanolaminates delayed the weight loss of the fruit, when compared with the nanolaminates without the extract. This tendency in the weight loss during storage, is natural, as the loss occurs mainly by the transpiration process Flores-López et al., 2016a; Mohanad et al., 2016) . However, a loss higher than 5% is a restricting factor for the fruit marketing and consumption (Aktas et al., 2012) . On the other hand, it has been reported that the nanolaminates act as a barrier in the weight loss (Medeiros et al., 2012b) . Also, similar behaviors to the ones observed in this study have been reported by Vieira et al. (2016) , who worked with blueberries coated with nanolaminates functionalized with Aloe vera. Besides, other studies in tomato fruit reported that the conventional coating with guar gum, had losses above 15% of the fruit weight (Ruelas-Chacon et al., 2017) , values higher than the ones obtained in this study. These differences can be attributed to the enhanced barrier properties of the nanolaminate coatings, which due to the electrostatic interactions, between the Alg and Chi layers with the addition of F. cernua, decreased the diffusion of the water vapor molecules through the matrix of the materials . For the above, the addition of F. cernua to the nanolaminates is remarkable, as it avoids a high weight loss, and also the postharvest losses.
pH and titratable acidity (TA)
pH and TA of fruit from treatments varied over time (Table 4) . The pH values of the NL and NL + FcE treatments increased with the storage time and were not statistical different, while for the UCF, the pH decreased. It has been reported that the pH of tomato fruit increases 
Table 3
Water vapor (WVP) and oxygen (O 2 P) permeability of A/C PET, nanolayers, and aminolyzed nanolayers. with maturation and storage time (González-Céspedes et al., 2004) ; however, this value should be ranged between 4.17 and 4.59 (Cantwell, 2006) , range in which the pH reported for this study was found. Also, these values are in accordance with the reported by Fernández-Ruiz et al. (2004), who determined for tomatoes of the same studied species, from different countries, a range from 4.16 to 4.92 for pH.
On the other hand, the TA of all treatments slightly decreased from day 0 to day 15. These low variations in the TA values, throughout the days of the treatments, suggest that the ripening in the fruit could have been delayed (Medeiros et al., 2012b) . Also, the TA values observed in this study agree with those reported by Cantwell (2004) for tomato, from 0.2 to 0.6%.
The increase in pH was proportional to the decrease in TA, and it has been reported that this tendency implies the declining of acid concentrations, with maturity (Anthon et al., 2011) . Thus, according to the results obtained, it is remarkable that the addition of F. cernua to the nanolaminate coating could delay the ripening stage of tomato fruit.
Color
Redness (a*/b*) increased slightly in all treatments, where the highest (p < 0.05) development of color was presented in the UCF (1.05) (Fig. 3) . The most remarkable result was observed with the NL + FcE, which maintained the light-red stage throughout the 15 d of experiment, while the UCF and NL changed to the red stage since day 3. The F. cernua addition to the nanolaminate coating allows to preserve the light-red color of tomato fruit, which is an acceptable color for its marketing and commercialization (Batu, 2004) . The application of this technology is important, as it allows to extend the shelf-life of tomato fruit during its marketing. To date, there are no reports about the redness evaluation in tomato treated with edible nanolaminate coatings, with added plant extracts. However, information of this parameter in tomato treated with traditional edible coatings has been reported (Ruelas-Chacon et al., 2017) .
Firmness
The ripening process affects the texture of the fruit and the structure of the polysaccharide composition of the cell wall ( Saladié et al., 2007) . The softening changes have been associated with the degradation of the middle lamella of the cortical parenchyma cells, causing an increase in the pectin solubilization, but with minimal effects in its molecular weight and small changes in the hemicellulose content ( García et al., 2014) .
For the fruit firmness, treatments were statistically different at the start of the experiment (Fig. 4) , which could be attributed to the resin of F. cernua. Athmaselvi et al. (2013) reported this behavior with plant extracts, such as A. vera, which was used as base of nanolaminates to coat tomato fruit. At the end of this experiment, tomato firmness decreased in all treatments. Nevertheless, the NL + FcE treatment still showed the highest (p < 0.05) firmness (3.8 N), while the UCF and NL treatments were statistically equal and with the lowest firmness.
This tendency is in accordance with the reported by Zapata et al. (2007) , who observed values of 11.65 N at harvest, which decreased to 4 N at the time of commercialization of the fruit. Softening of tomato fruit can be attributed to the enzymatic degradation of the cellular structure and cell wall components (Ali et al., 2010) .
Gas transference and ethylene production rates
After 10 d of storage, the gas transference of O 2 decrease for NL and NL + FcE treatments, when compared with the UCF (Fig. 5A ). This indicates that the O 2 consumed by the fruit, was reduced by the effect of the nanolaminates (NL and NL + FcE), which were statistically equal. On the other hand, the CO 2 transfer rate was lower for the NL and NL + FcE treatments, compared with the UCF, indicating that the respiration process was reduced due to the nanolaminate coatings. However, it has been reported that in fruit storage, the respiration rate depends directly of the O 2 absorbed by the fruit (Fagundes et al., 2015) . The above explains the results obtained in this study, as the low rate of O 2 absorbed by the fruit, influenced in a low rate of CO 2 released. Ruelas-Chacon et al. (2017) reported a lower CO 2 production of 'Roma' tomato fruit with guar gum traditional coating (2.8 mL kg −1 h −1 ), compared to uncoated tomatoes. Other authors have reported the reduction of the gas transference in tomato fruit, used during storage, coatings based on Arabic gum (Ali et al., 2010) , and alginate or zein . For ethylene production, significant differences were detected between NL and NL + FcE treatments (Fig. 5B ). Tomatoes treated with NL + FcE had the lowest ethylene production (126 ng kg −1 s −1
). Inhibition in the ethylene production is probably due to the reduced permeability of O 2 and CO 2 , as it has been reported that low values of O 2 reduce the synthesis of the ethylene, an important factor in fruit ripening (Fagundes et al., 2015) . Also, in the biosynthetic pathway of ethylene, the enzyme ACC oxidase is the responsible of the ACC oxidation to ethylene, besides of its highly dependence to O 2 and of its direct relation with CO 2 and ethylene (Bolívar-Fernández et al., 2011) .The above explains the relation that exists between the low rates of O 2 , CO 2 , and ethylene production, with the nanolaminate coatings in this study. Also, it has been reported that tomato fruit follow a pattern of climacteric ripening controlled by ethylene (Carrari and Fernie, 2006) , which implies changes in the physical, chemical, biochemical and physiological processes. Therefore, the majority of storage technologies of postharvest are focused in the control of respiration and ethylene production, with the objective of delaying these changes (Martínez-Romero et al., 2007; Serrano et al., 2008) . The reduction in the metabolic rates of the fruit due to coating applications on its surface, restricts the respiratory gas permeation. NL + FcE treatment showed a low gas transference rate, as a consumption decrease of 52% was observed on the O 2 and CO 2 , when compared with the UCF. These results suggest that the NL + FcE coating could give a barrier against the gas exchange and ethylene production between the internal and external environments.
Microbiological analyses
The NL + FcE treatment resulted in the best control of the molds and yeasts (Fig. 6A) , and aerobic mesophilic microorganisms (Fig. 6B) . It is important to note that, with this treatment the fruit were not attacked by microorganisms during the first 6 d of storage. From day 9 to day 15, the presence of microorganisms was observed, however, the CFU g −1 were low. This could be due to the combination of F. cernua extract with the other components of the nanolaminates, resulting in a better antimicrobial capacity. These results evidenced the antifungal activity of the ethanol extract of F. cernua, demonstrated in vitro (Jasso de Rodríguez et al., 2007 , which was also observed on the fruit in this study. This effect could be promoted by the combination of the extract with chitosan, which has also reported antifungal activities (Rabea et al., 2003; Ai et al., 2012; Ruiz-Navajas et al., 2013) . These results agree with those of Vieira et al. (2016) , who worked with coatings of chitosan and A. vera liquid fraction and found lower levels in molds and yeasts ) in coated blueberry. Therefore, it is suggested that the addition of plant extracts to nanolaminate coatings, can improve its antimicrobial effect.
From the observed results in this study, it is assumed that the edible nanolaminate coating with F. cernua, continues releasing the active ingredient during storage, extending the shelf-life of the fruit.
Visual evaluation
The deterioration of tomatoes by molds, yeasts and aerobic mesophilic microorganisms causes metabolic alterations that are responsible for unpleasant smells and tastes, as well as of the visible changes in color and texture.
The tomato images with the three treatments (UCF, NL, and NL + FcE), evaluated during the 15 d of the experiment, are shown in Fig. 7 . At 9 d, the UCF fruit softened, with proliferation of microorganisms on the fruit surface. Meanwhile, the NL treatment showed in the surface, the start of the presence of microorganisms, which continued increasing until day 15, although, the invasion is lower than in the UCF treatment. This effect could be attributed to the nanolaminate coating of chitosan and alginate. In the case of the NL + FcE treatment, a healthy aspect was observed until day 12. In day 15, a minimal presence of microorganisms on the tomato surface was observed. The positive effect of the nanolaminate coating with the F. cernua extract can inhibit the microorganisms. The antifungal effect of F. cernua has been reported in vitro (Jasso de Rodríguez et al., 2007 , as well as for chitosan on green asparagus (Qiu et al., 2014) .
As a final remark, authors wish to point out, that this is the first scientific research where F. cernua extract was added to nanolaminate coating, for the preservation of tomato fruit.
Conclusions
Edible nanolaminate coatings were developed using the layer-bylayer technique, which was demonstrated by the contact angle assay. The nanolaminate coatings containing F. cernua extract, had water vapor and O 2 permeabilities lower than those reported for conventional coatings based on alginate or chitosan.
The nanolaminate coating containing F. cernua extract extended the shelf-life of tomato fruit at 20°C and 85% RH for 15 d. The coatings reduced weight loss, gas exchange rates of O 2 and CO 2 , reduced ethylene production, which in turn delayed ripening, as indicated by firmness and light-red coloration of the fruit. The nanolaminate coating with F. cernua extract, was the most effective to inhibit the proliferation of molds, yeasts and aerobic mesophilic microorganisms in tomato fruit, and resulted in a healthy appearance until day 12.
